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A VIBRATION CONTROL DEVICE PROVIDING A DESIRED 
VIBRATION CHARACTER IN A STEERING WHEEL OF A 

VEHICLE. 

5 

THE BACKGROUND OF THE INVENTION AND PRIOR ART 

The present invention refers generally to vibration control in motor 
vehicles, such as cars, busses, trucks etc. More specifically, the 

10 invention refers to a device for motor vehicles having a support 
structure adapted to be mounted in the vehicle and a steering 
wheel, which is rotatably connected to the support structure, 
wherein the device includes a control unit, a sensor device, which is 
connected to the control unit, wherein the sensor device is adapted 

15 to sense vibrations in the steering wheel and to provide a sensor 
signal related to the sensed vibrations, and an actuator device, 
which is connected to the control unit and adapted to influence the 
vibrations in the vehicle. 

20 The present invention also refers to a device for a motor vehicle, 
including a support structure adapted to be mounted in the vehicle, 
a steering wheel rotatably connected to the support structure, a 
control unit, a sensor device, which is connected to the control unit, 
wherein the sensor device is adapted to sense vibrations in the 

25 steering wheel and to provide a sensor signal related to the sensed 
vibrations, and an actuator device, which is connected to the control 
unit and adapted to influence vibrations in the vehicle. 

Furthermore, the present invention refers to a motor vehicle 
30 including a support structure mounted in the vehicle, a steering 
wheel, which is rotatably connected to the support structure, and a 
device, wherein the device includes a control unit, a sensor device, 
which is connected to the control unit, wherein the sensor device is 
adapted to sense vibrations in the steering wheel and to provide a 
35 sensor signal related to the sensed vibrations, and an actuator 
device, which is connected to the control unit and adapted to 
influence vibrations in the vehicle. 
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Such motor vehicles usually include a support structure, which is 
designed as a support beam extending in the vehicle transversely to 
the longitudinal driving direction of the vehicle and between the two 
5 sides of the vehicle, and more specifically between the two so- 
called A-posts, i. e. the post-like elements extending upwardly 
between the front shield and a respective forward door of the 
vehicle. This support beam has many functions, for instance to 
support different components such as the steering column', the 

10 dashboard, units for controlling ventilation and air conditioning, etc. 
As the most essential support components in the vehicle, this 
support structure is subjected to dynamic loads causing vibrations. 
There are normally several sources for dynamic loads, such as the 
engine of the vehicle, the contact to the road on which the vehicle is 

15 running, and various mechanical drive members. The vibrations 
present in the support structure propagate via the steering column 
to the steering wheel of the vehicle. Steering wheel vibrations may 
be experienced by the driver as monotone and irritating, which for 
instance is the case with at least a part of the vibrations from the 

20 engine. Certain of the steering wheel vibrations may however be 
desirable at least to a certain extent. This is perhaps the case 
especially for vibrations generated by the road and which contribute 
to transfer road feeling and contact to the road, which is demanded 
by many drivers and which many drivers regard as an important 

25 component for increasing the driving experience and also for 
increasing the driving security. 

US 2002/0130533 discloses a support beam extending between the 
A-posts of a motor vehicle. The support beam is arranged to carry a 

30 plurality of different vehicle components, such as a steering column, 
air conditioning, ventilating members, heating members, air bags, a 
centre console, a fuse box, a glove compartment, etc. The support 
beam includes piezo elements including both a sensing function 
and a vibration-generating function, the piezo elements are located 

35 at the two opposite ends of the support beam, in a central area of 
the support beam and at the attachment of the steering column to 
the support beam. The purpose of this construction disclosed in this 
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previously published application is to provide an improved support 
beam. 

SUMMARY OF THE INVENTION 

5 

The object of the present invention Is to provide a desired vibration 
character in the steering wheel of a motor vehicle by controlling the 
vibrations arising in the steering wheel. 

10 This object is obtained by the device initially defined, which is 
characterised in that the control unit is adapted to control the 
actuator device, with regard to the sensor signal, to act on the 
vehicle in such a way that a desired vibration character in the 
steering wheel is obtained. 

15 

By such a device, which senses the vibrations in the steering wheel 
and, with regard to these vibrations, acts on the vibrations in the 
steering wheel, it Is possible to obtain a desired vibration character 
in the steering wheel by the control unit defined. For Instance, by 

20 means of the control unit such an influence on the vibrations may 
be provided that substantially no engine vibrations, 1. e. 
continuously acting vibrations at a substantially constant frequency, 
arises whereas vibrations from the road, for instance vibration with 
an Impulse character, are permitted to be transferred to the steering 

25 wheel. Such a device may be manufactured as a separate unit and 
mounted in substantially all motor vehicles present on the market 
for obtaining such a desired vibration character. 

According to an embodiment of the invention, the device includes a 
30 reference sensor, which is connected to the control unit and 
adapted to sense vibrations outside the support structure for 
providing a reference signal to the control unit. Such a reference 
sensor, sensing the vibrations in the vehicle outside the support 
structure may thus provide a reference signal which reflects in a 
35 direct and quick manner the vibrations of the engine and/or the 
wheel hubs, for instance. The reference signal may thus give the 
control unit a warning about which vibrations will arise in the 
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Steering wheel. The direct reference signal may be substantially 
free from feedback from the actuator device defined. By means of 
such a reference signal, the stability of the device may be improved 
since It makes it possible to treat selectively vibrations which are 
5 and which are not, respectively, correlated to the reference signal. 
By means of the reference signal, it is also possible to determine, 
by means of the control unit, which vibrations are to be suppressed 
and which are possibly to be transferred to the steering wheel or 
possibly to be amplified. Advantageously, the reference sensor may 

10 include a first reference sensor element arranged to sense engine- 
excited vibrations and a second reference sensor element arranged 
to sense road-excited vibrations. By the use of multiple reference 
sensor elements it is possible to increase the capability of 
controlling the vibration character. Both in the case with several 

15 reference sensor elements and in the case with one reference 
sensor element it is possible by the use of for Instance a filtered, 
reference-based gradient method to control the vibrations towards a 
desired character. For Instance, engine speed correlated vibrations 
may be filtered by the use of a reference sensor element on the 

20 driving engine and minimising part in a control algorithm of the 
control unit. Furthermore, it is possible to leave transient vibrations 
from the road uninfluenced by a relatively slow updating of the filter 
coefficients of the adapted filter of the control unit, which generates 
actuating signals to one or several actuating elements of the 

25 actuator device. It is also possible to control durable front wheel 
vibrations to a desired level by a set point-controlled part in the 
control algorithm by means of a reference sensor element in the 
proximity of the front wheel hubs. 

30 According to a further embodiment of the invention, the sensor 
device includes at least one sensor element adapted to be mounted 
on the steering wheel. In such a way, the vibrations arising in the 
steering wheel may be sensed directly and quickly. Such a sensor 
element, which is directly mounted on the steering wheel, also 

35 reduces the risk of possible errors. However, It Is to be noted that 
the sensor device, as an alternative or supplement, may include 
one or several sensor elements mounted in another position then 
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directly on the steering wheel. For instance, the sensor device may 
include at least a further sensor element adapted to be mounted on 
the support structure. 

5 According to a further embodiment of the invention, the actuator 
device includes at least one actuating element adapted to be 
mounted and act on the support structure. Since the vibrations 
arising in the steering wheel are transferred via the support 
structure, such an actuating element acting directly on the support 
10 structure may in an efficient and reliable manner contribute to the 
desired vibration character in the steering wheel. 

According to a further embodiment of the invention, the support 
structure includes a support beam extending in an axial direction 
15 transversally to a longitudinal driving direction of the vehicle, 
wherein the actuator device includes at least one actuating element 
adapted to be mounted and act on the support beam. 
Advantageously, also said further sensor element may be adapted 
to be mounted on the support beam. 

20 

According to a further embodiment of the invention, the support 
beam has a periphery, wherein the actuator device includes at least 
two actuating elements which are adapted to be mounted around 
the periphery with an angle distance between each other. By 

25 means, of several such actuating elements on the outer periphery of 
the support beam, it Is possible to apply forces counteracting or 
amplifying vibrations In the support beam along various directions. 
It is especially advantageous to let the actuator device include three 
such actuating elements around the periphery. Advantageously, the 

30 actuating elements are uniformly distributed around the periphery. If 
the support beam has a circular cross-section, the angle distances 
between adjacent actuating elements are equal. If the support beam 
has another cross-section, the angle distance between adjacent 
actuating elements may be adapted so that an optimal force 

35 distribution between the actuating elements is achieved. 
Furthermore, the actuating elements are advantageously provided 
at substantially the same axial position. The actuator device may 
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also include several sets of actuating elements, each of which sets 
Includes for instance three actuating elements provided at 
substantially the same axial position and with the same angle 
distance between adjacent actuating elements. Furthermore, the 
5 actuator device may be adapted to introduce a bending moment to 
the support beam. 

According to a further embodiment of the invention, the steering 
wheel is connected to a steering column, wherein the actuator 

10 device includes at least one actuating element adapted to be 
mounted and act on the steering column. Also the steering column 
may have an outer periphery with at least one set of actuating 
elements, which includes for instance two or three actuating 
elements provided at substantially the same axial position with 

15 regard to the longitudinal axis of the steering column and with the 
same angle distance between adjacent actuating elements. 
Furthermore, the actuator device may be adapted to Introduce a 
bending moment to the steering column. 

20 According to a further embodiment of the invention, the control unit 
Includes an adaptive filter which is adapted to generate an 
actuating signal supplied to the actuator device for said influence 
on the vibrations in the vehicle. Advantageously, the reference 
sensor is connected to the adaptive filter and arranged to supply 

25 the reference signal to the adaptive filter, wherein the reference 
signal forms the basis for the actuating signal. The sensor device 
may then be arranged to supply the sensor signal to the adaptive 
filter for updating the adaptive filter. Furthermore, the control unit 
may include a prefilter, which is connected to the reference sensor 

30 and arranged to provide a filtered reference signal. The control unit 
may also include a control algorithm, which Is located between the 
sensor device and the adaptive filter and arranged to filter the 
sensor signal supplied to the adaptive filter. Advantageously, the 
prefilter is connected to the control algorithm for the supply of the 

35 filtered reference signal to the control algorithm. 
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The object is also achieved by the device Initially defined, which is 
characterised In that the control unit Is adapted to control the 
actuator device, with regard to the sensor signal, to act on the 
vehicle in such a way that a desired vibration character In the 
5 steering wheel is obtained. Such a device, which includes the 
support structure and the steering wheel, constitutes an essential 
component that can be provided and mounted in substantially all 
motor vehicles available on the market during the manufacturing of 
the vehicle, or as auxiliary equipment to be mounted afterwards. 
10 Advantageous embodiments of this device are defined in the 
dependent claims 2 to 18. 

The object is also achieved by the motor vehicle initially defined, 
which is characterised in that the control unit is adapted to control 
15 the actuator device, with regard to the sensor signal, to act on the 
vehicle in such a way that a desired vibration character in the 
steering wheel Is obtained. Advantageous embodiments of this 
motor vehicle Is obtained by means of the features of the device, 
which are defined In the dependent claims 2 to 18. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is now to be explained more closely by 
means of a description of various embodiments and with reference 
25 to the drawings attached hereto. 



20 



30 



Fig. 1 



Fig. 3 



Fig. 2 



Fig. 4 



discloses schematically a sideview of a motor vehicle 

with a device according to the Invention. 

discloses schematically a rear view of a support 

structure of the vehicle with mounted equipment. 

discloses schematically a sectional view through a 

support beam of the vehicle. 

discloses a block diagram of the device. 
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DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS 

Fig. 1 discloses schematically a motor vehicle 1 in the form of a car. 
The vehicle 1 includes in a manner known per se a chassis with 
5 four wheels 2 and a drive package including an engine 3 and a 
power transmission 4 from the engine 3 to the wheels 2 used for 
driving the vehicle 1 in a longitudinal driving direction P. The 
vehicle 1 also Includes in a manner known per se two forward doors 
5, two rearward doors 6, a front shield 7 and a rear shield 8. 

10 Furthermore, the vehicle 1 includes two so-called A-posts 9, which 
extend from a downward position upwardly on a respective side of 
the vehicle 1 between a respective forward door 5 and the front 
shield 7, see Figs. 1 and 2. In the same way, two so-called C-posts 
(not explicitly disclosed) extend from a downward position upwardly 

15 on a respective side of the vehicle 1 between a respective rearward 
door 6 and the rear shield 8, and two so-called B-posts (not 
explicitly disclosed) from a downward position upwardly on a 
respective side of the vehicle 1 between a respective forward door 
5 and a respective rearward door 6. 

20 

Furthermore, the vehicle 1 Includes a support structure extending 
between the two sides of the vehicle 1. The support structure 
includes in the embodiment disclosed a support beam 20, which 
extends between the two A-posts 9 in an axial direction A 

25 transversally to the longitudinal driving direction P. The support 
beam 20 may have various cross-sectional shapes. In the 
embodiment disclosed, see Fig. 3, a support beam 20 with a 
circular cross-section is exemplified. Other possible cross-sections 
are for instance oval, rectangular, polygonal, U-shaped etc. It is 

30 also to be noted that the support beam 20 may have different cross- 
sections along the axial direction A. The support beam 20 is 
arranged to support and carry equipment and components of 
various kinds, for instance a steering wheel 21 for steering the 
vehicle 1 via a steering column 22 in a manner known per se. The 

35 steering wheel 21 and the steering column 22 are then rotatably 
connected to the support beam 20. Furthermore, the support beam 
20 is arranged to support and carry a dashboard 23, units 24 for 
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controlling ventilation and air conditioning, air outlets 25, a glove 
compartment 26, a centre console 27, airbags (not disclosed), a 
fuse box (not disclosed), a sound unit (not disclosed) etc. 

5 The vehicle 1 also includes a device for influencing vibrations in the 
vehicle 1. The device includes a control unit 31. a sensor device 32, 
a reference sensor 33 and an actuator device 34. The sensor 
device 32, the reference sensor 33 and the actuator device 34 are 
connected to the control unit 31 . 

10 

The sensor device 32 is adapted to sense vibrations in the steering 
wheel 21 and to provide a sensor signal related to the sensed 
vibrations, i. e. substantially all vibrations in the steering wheel 21. 

15 The reference sensor 33 is adapted to sense vibrations In the 
vehicle 1 outside the support structure, i. e. outside the support 
beam 20 and the steering wheel 21, for providing a reference signal 
to the control unit. The reference sensor 33 may for instance 
include a reference sensor element 43 mounted on the engine 3, a 

20 reference sensor element 43 on the power transmission 4 and/or a 
reference sensor element 43 mounted in connection to the wheel 
suspension of the vehicle 1, wherein each reference sensor 
element 43 provides a respective reference signal. The reference 
sensor element 43 or elements 43 may be realised by means of 

25 piezo-electric elements. 

The control unit 31 is adapted to control the actuator device 34 to 
influence vibrations In the vehicle 1, and more precisely to act on 
the vehicle 1 in such way that a desired vibration character in the 
30 steering wheel 21 is obtained. 

The sensor device 32 includes at least one sensor element 42, 
which is mounted on the steering wheel 21, see Fig. 2. The sensor 
device 32 may also include at least a further sensor element 42, 
35 which is mounted on the support structure, for instance on the 
support beam 20, or on the steering column 22, see Fig. 2. Each 
sensor element 42 provides a respective sensor signal. Also the 
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sensor elements 42 may be realised by means of piezo-electric 
elements. 

The control unit 31 is adapted to take the sensor signal or signals 
5 from the sensor device 32 into consideration. In a simple 
embodiment, the actuator device 34 may be controlled solely by 
means of the sensor signal or signals. In a more advanced 
embodiment, the actuator device 34 is controlled with regard to both 
the sensor signal/s and the reference signal/s. 

10 

The actuator device 34 includes at least one actuating element 44, 
which is mounted and act on the support structure, especially on 
the support beam 20. The actuator device 34 includes 
advantageously a set of several such actuating elements 44, for 

15 instance two, three, four or more actuating elements 44. Fig. 3 
discloses such a set with three actuating elements 44, which are 
uniformly mounted around the outer periphery of the support beam 
20 with an angle distance between each other. In the embodiment 
disclosed, the angle distance between adjacent actuating elements 

20 44 is equal, i. e. in this example 120°. The actuating elements 44 in 
the set are furthermore provided at substantially the same axial 
position along the direction A. The actuating device 34 may include 
several such sets with three actuating elements mounted on the 
periphery of the support beam 20, for instance a set to the left of 

25 the steering column 22 and two sets to the right of the steering 
column 22. The actuator device 34 may also include at least one 
actuating element 44 or a set of actuating elements 44 which are 
mounted and acts on the steering column 22. These actuating 
elements 44 may for instance also be uniformly distributed around 

30 the periphery of the steering column 22. Also the actuating 
elements 44 may be realised by means of piezo-electric elements. 
Each actuating element 44 has a longitudinal extension and is 
adapted to alternately vary the length of the actuating element 44 in 
the direction of the longitudinal extension. Each actuating element 

35 44 Is thus expandable and compressible along the longitudinal 
extension. The actuating elements 44 are preferably mounted to the 
support beam 20 and the steering column 22, respectively, in such 
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a way that the direction of the longitudinal extension of the 
actuating elements is parallel to longitudinal direction of the support 
beam 20, i.e. the direction A, and to the longitudinal direction of the 
steering column 22, respectively. The support beam 20 and the 
5 steering column 22, respectively, will thus perform an alternately 
varying change of the length, or an alternately bending movement. 

Fig. 4 discloses schematically a block diagram of a part of the 
vehicle 1 and the device for influencing vibrations. The vehicle 1 

10 forms or includes a dynamic system schematically disclosed as a 
box 50. The control unit 31, which may be realised by means of a 
calculating unit including a processor and a memory, is disclosed 
within the dashed box. The control unit 31 includes a number of 
different functions, which may be realised by means of said 

15 calculating unit. Some of these functions are illustrated 
schematically in Fig. 4, for instance an adaptive filter 51, which is 
determined by a number of filter coefficients and which is adapted 
to generate an actuating signal supplied to the actuator device 34 
for said influencing on the vibrations in the vehicle 1. More 

20 specifically, the adaptive filter 51 generates several actuating 
signals, i. e. a unique actuating signal for each actuating element 
44. Before the actuating signals are supplied to the respective 
actuating element 44, they may suitably be amplified by means of 
an amplifier (not disclosed). 

25 

The reference sensor 33, or actually the different reference sensor 
elements 44 is connected to the adaptive filter 51. The reference 
sensor elements 43 are adapted to feed a respective reference 
signal to the adaptive filter 51. The control unit 31 includes a 
30 prefilter 53, wherein the reference sensor 33 also is connected to 
the prefilter 53 for filtering the reference signal. 

The sensor device 32 is adapted to supply the sensor signal to the 
adaptive filter 51 for updating the filter coefficients of the adaptive 
35 filter 51, and more precisely a sensor signal from each sensor 
element 42. The control unit 31 also includes a control algorithm 54, 
which is located between the sensor device 32 and the adaptive 
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filter 51. The control algorithm 54 is arranged to process and filter 
the sensor signal, or actually the sensor signals from the different 
sensor elements 42, which then are supplied from the control 
algorithm 54 to the adaptive filter 51 for updating of the filter 
5 coefficients. The prefilter 53 is connected to the control algorithm 
54 for the supply of the filtered reference signal to the control 
algorithm 54. 

The function of the device is now to be described by means of an 

10 example of a design of the device. During operation, a reference 
signal, related to engine-excited vibrations are fed from a reference 
sensor element 43 and a reference signal, related to road-excited 
vibrations, from a further reference sensor element 43 to the 
adaptive filter 51. These reference signals form the basis for the 

15 various actuating signals. Reference signals are also fed to the 
prefilter 53 for filtering, and then supplied to the control algorithm 
54. The control algorithm 54 also receives the sensor signals, or 
state signals, from the different sensor elements 42. From the 
sensor signals and the filtered reference signals, the control 

20 algorithm 54 calculates the filter coefficients by means of which the 
adaptive filter 51 is to be updated. The actuating signals, supplied 
to the different actuating elements 44 are then generated by means 
of the updated filter coefficients. The control algorithm 54 may then 
for instance include an algorithm for minimising the engine-excited 

25 vibrations and an algorithm for controlling the road-excited 
vibrations to a desired level. Furthermore, the control algorithm 54 
may be adapted to leave vibrations, which are not correlated to the 
two reference signals, essentially uninfluenced by means of an 
adapted updating speed for the adaptive filter 51. 

30 

The invention is not limited to the embodiments disclosed but may 
be varied and modified within the scope of the following claims. 



